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INTRODUCTION

This annual report to the Air Force Office of Scientific Research

under contract F49620-80-C-0022 describes work accomplished from

October 1, 1979, through September 30, 1980, by personnel of the

Optical Sciences Center.

On the following pages we discuss the objectives of each task,

the progress made under that task, written publications and interactions

resulting from the work, professional personnel and studCnts associated

%ith the individual research efforts, degrees obtained through work

on the tasks, and consultative and advisory functions to other labora-

tories and agencies.

. i U-.
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* TWO-DIMIENSIONAL PHENOMENA AT SURFACES UNDER HIGH! ELECTROMACINETIC FLUX

(A. B. Meinel, R. Zito)

Objective

The objective of this two-year study, begun this year, has been to

evaluate the relative merits of reflective thin films materials useful

in solar energy technology, as mirrors for laser weapons, and as protec-

tive coatings in laser warfare. Three phases of the study were

considered:

91. Laboratory tests of Film failure at high temperatures (to pro-

vide an estimate of temperatures and therefore fluxes nceded for the

in-flux tests of phase 3.

2. Passivation studies.

3. In-flux tests.

Progress

Phase 1 of the objective has been com,,pleted. Although original ly

we intended to study only the soft reflecting metals Al, CuI, Agl, and

Au, WC extCended ourI St ody to inIC lode Ni , Cr , Rh, Pt , W , Mnd M0 . TheI

sulrfaCe morpholog010,ical Cha'ngecs of' these netalIs were stuid ied as a funct ion

Of t emIPe rat~l' ore 1oii-110t.11' annea Is ; suchCI alg CMIi ciIIL udd inhole forrn11.1-

t Ion, fg~Ioiier-at Ionl, cr-acking, peelin g , ox idlt ionl, r-ectrest a I i.at ion

and1 t he lt LA'IIt tolIonIl of at M- urns O,- acr~ S tso fAce S ill 1111It iklLl av , lIct iX

Sriiltaee: . Test s wereC caill L'd (tit ill both1 \acllllll anid a il oI 00 \11 011K >lh-

Stirates ( five;d Sili ca, soda! milass, Silikcoli wa~i'') of o I oL'0111i
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Of all the metals studied, platinum reflectors seem to be the most

durable at high temperatures (and therefore high fluxes) in air. Of

the base metals studied, nickel reflectors are most durable at high

temperatures in air. In one case, the effect of annealing specimens in

fie and 112 was evaluated.

We have developed mathematical tools to enable us to predict the

temperatures at which film failure occurs, and these predictions agree

well with experiment. We have also uncovered the relationships between

various film defects and studied their evolution from film deposition

point defects to complete breakup (agglomeration) at high temperatures.

In most eases we used materials of exceptional purity, as use of such

materials makes it easy to spot trends in the mathematical analysis of

test results. A iew materials were of industrial quality, as it is in-

teresting, from a practical point of view, to know the failure tempera-

ture of these materials; tests on these materials also provided a gauge

for determining how well theoretical extrapolations from data on ideal

materials may work in the industrial realm, where purity of materials

may be sacrificed to produce low-cost, mass-produced products.

We recorded surface features before and a fter heating he scaini ng

electron microscopy and by both transmi ss ion and reflect ion optical

in icroscopy. CrYst a ISt ructures were exp1 ored by electron and x- ray

diffraction. Transm ission electron inmicroscopy was used to explore ,,r' i11

si ze, Thcrc is aI certa in a1o11t of a11vtc iii e'\;IJlk iit i n ~l l , it ,

Ch1alngeis. I:reqetlVIlt ly wC would photograplh a Chliractcist ic mak, defecl

or di:;color)rat ioil ill the siir'loiiid ir ilictal so that w, colild lIi to

this hairacterlIst ic Spol oftcr ht l in,.
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ihe failure temperatures presented in the resulting report will

provide a ready data reference for estimating the high-temperature per-

formance of the multitude of "stack" seloctive surfaces (tandem stacks,

inverse tandem stacks, interference stacks, etc.) in existence today

and planned for the future. The collected data will also be useful in

the design of selective stacks snce they will indicate when and where

stopper layers should be us in the determination of the thermal dur'-

ability of electronic components employing metallic coatings; and in

the determination of the performance of simple metal coatings used on

concentrating and flat-plate mirrors subject to high solar flux and

heat, and on military mirrors used for laser weapons.

Phase 2, passivation studies, has also been completed. These

studies were originally scheduled for the second year but instead were

done in the first year. The temperatures, atmospheres, coefficients of

thermal expansion, and conditions of thermal cycling were established

that would ensure the integrity of a film or composite stack of films

against failure due to cracking, agglomeration, pinhole formation,

peeling, oxidation, and interdiffusion into Al2O 3 overcoatings.

Phase 3, in-flux studies at one of the sollr thern:il test faci li-

ties, was originally scheduled for the first year but has been resched-

uiled for the second yea r. We expect these in-flux tests to show slig 4ht I,

lower failht.re telperatuores t han those o tainmed In phas I And 2 of

t h i s proi Ltt.

I. R. R. "ito, "Th irewllerature lehavior (t, Thin M 1eta I1-i 1Irs1,
I'h Ii:; crt l i n, lni er:il\ of ..ri: on.), l91 ,.



Publications and Interactions

R. Zito, "Failure of reflective metal coatings by cracking," Thin Solid
Films, to be published.

R. Zito, "Line broadening in x-rays diffracted from thin films," to be
submitted to Thin Solid Films.

R. Zito, "The high temperature behavior of platintun films," to be sub-
mitted to Thin Solid Films.

R. Zito, "A close look at the agglomeration of gold," to be submitted to
Thin Solid Films.

R. Zito, "A comparative study of the behavior of ten metal films at high
temperatures in air," in preparation.

R. Zito, "Two-dimensional melting phenomena and surface defects in
metallic thin films," paper presented at OSA Topical Meeting on
Optical Phenomena Peculiar to M.atter of Small Dimensions, Tucson,
Arizona, March 18-20, 1980.

R. Zito, "Failure of reflective metal coatings by cracking," paper pre-
sented at Second Solar Reflective Materials Workshop, San Fran-
cisco, Calif., Feb. 12-14, 1980.

Professional Personnel Associated with This Effort

Aden B. Meinel, Principal Investigator
Richard R. Zito, Co-Principal Investigator
Louis Demer, expert in x-ra" methods
Henn Oona, expert in proton induced x-ray analysis

Degrees Awarded

Richard Raymond -ito, Ph (Physics) completed Scpt. 12, ]98o.
Dissertation title: "The lligh lemperature Beiavior of Thin Metal Films"

I
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SURFACE AND VOLUME SCATTERING OF REFLECTORS A'ND REFRACTORS

(William L. wolfe, R. V. Shack)

Obj ective

To improve the instrunientat ion and techn iqtues for thle measurement

of the anglar scattering properties of useful materials.

Progress

The mianually operated prototype instrument has been uIsed to refine0

the techniques of making angular scattering measurements in both reflec-

tion (BRDF) and transmission (BiDI:) . Computer programs have been de-

ye loped and used for ca cul at iT nMiad plot t i ri the BRIIlE and Bill] data.

Mea-surements were made onl gold-coated sandpapcrs to establishl a

reference standard for RPF measurements. Other measurercnt0_111S v.<eL mccide

onl t ransmi t t i no samplIes, wh ich enable d a better- uniderstandi ng to be

developed in the use of the partial coherence theory' of scat ter im.nt

Whilec the mlanulal le ope0rated prototNpe inlstrument wajs being emploYed

as descr ibed , work continued onl the design, devel1opmtent, and colist rue c-

t ion Of t he an~t viItate S ia t erilit Li'. Tli ; i ck ;li e st ruict i, z ilt t w

St age Whjere abou~t 85 percent of' ilts hardwar ie i s completdan iou 5

])C mcent of thle so ft w:.Ire requ ired for it s ope rat inn hIa, beenl dcvi'loped J

The facr- infIrcred I cser, thbat wsi neorporcid int.o th le cuit oced ils tI in

l~ilit lici'c beenl o0teritA id ct I IS Miid I 1. 01

Som satte I n ilcilirileit hMVe birCli iuiCil cit I I S :1-11.$ 1;.v ,ia]

OtiS WoerlteiI cieic : ith II W ci -V ICF1iii1 klit- th V I Iit Ii l I'. I 1iW
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pcrforiiance Of the Work Linder these prog ramis and t hi s prog ram has been

synergistic, with great advantages accruing to all of the effort.

Some of thc accomplishment,- under the other programs are described

under the section entitled "Consultative and Advisory Lu1-nctionS."

Pub1i cat ions- and InTter1 ac t iOnls

W~olfe, WV. L.., and 1I. P'. Stahl, ''Some calculational resuilts using, muilti -

color radi at ion inversion,'' presented at OSA Arintiz '1,c-tjio I ag ,

York, Oct. 1979; published in Infrared Phys. 10: 297-29(), 1leb . l98U

Wolfe, IV. L. , "Effects of reflected backgrounITd radiation On! raidi oletiic

temperature measurement ," presented at SPIE aigo, D.C.,
April 10-11, 1980; published in Proc. SPIE 226, 1980.

Wolfe, IV. L. , "Comparison of coherent and incoherent iiag ing in the lo-
cation of point sources." presented at SPIE, Washington, D.C.,
April 10-11, 19S0; published in Proc. SPIE 226, 1960).

Wolfe, WV. L. , co-editor of Proc. SPIlL 226, 1980.

Ba rtell, F. 0. , E3. L . Deren iak , and W . L.. ilol1fe , ''The thee'\ re and ioia
stiremen t of ItRDF and ltTL)V'' pres;ented at SP I meet in g, Hun11tsv i i
Ala. , Oct. 2, 1980; puiblished in Proc. SPI' 25 7, 1980(.

Brooks, L.. D., and W. L. Wolfe, ''Nicroproccssor-based inst rwientat ioi

for bidirectional reflectance di I t ribut ion funTCt ionll lIl )esr 1CiSJC-
ments from visible to far infrared (FIR) ,' presentedl at SPIE
meeting, Iflntsvi l1e, Ala. , Oct. 2, 1 9S0 ; suibmitted to Opt . g

lDereni ak, 17. L.. , and 1'. Stuh linger, ''The ulse of gold-plated Sandpaper1cl
a,- a 11RIW st ;nda rd,'', prosen ted ait SPIlF mieet i n ' , 1int sv i Ile, Al:1
Oct. 2, 1980; su11li tted it) .ppl . Opt

Ieren iak , F. L. , TV. IV. Stuh linger, and V. 0. Bart el 1, 'BidlirectionalI
reflectance (li st r i bttion fine t ionI 0t1' dp t L a~pper,' e

senited at SPI P mcol ilu, hilnt sv- I Ile , Al a. , Oct. 2', 1980(; puIi shLlk
in Proc. SPIF 257 , 1980.

[CLlldl' r , . . S S.e ILAiLt ion il~;, 1(~p~
PAII A IlserI's, v i ,%p lit 1'' t te'd iW. d t SP lP IS1L't i lou ,1111t se I li ,
Alai. ,Oct . _2, 1980 ; pubI Ii shedk 11n Pr-OL' . SI' -"-7-, 1980

Wol I e, IV. L,. , ''Srat t cred tholughIt S onl ha If Cli in'. p1 ro0bI 0111; '('eSent Cd Iat
SIP 1mee(,t illi, Mun t si I' Ala . c (Jt . 2 180) pub Ii TI -,InPr.

51'l 7,19 80
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Bart e 11 , F-. 0. , E. L. Deren jak , and IV. 1L. Wolfe , ''BRDF and BIA Dicma-sur-e-
mcnt considerations," presented Lit annual meet ing of Optical Soci-
ety of America, Chicago, Ill., Oct. 15, 1980; submitted to Applied
Optics.

Wolfe, W. L., and If. P. Stahl, "Three-color radiomnetric temperature de-
terminations," presented at annual meetingj of Optical Society of
America, Chicago, Ill., Oct. 15, 1980; submitted to Applied Optics.

Bal tes , 11. P. , and W. L.. 1Wolfe, 'K-corr-elIat ions andc facet m1odels inl
diffuse scattering--experimental evaluation," submi tt cd to Opt ics
Letters.

Professional- Personnel \s-soc iated with This- Effort

William L. Wolfe, Professor-
Eustace L. Dereniak, Assistant Professor
Frederick 0. Bartell, Research Associate
Steven Lange, Research Associate
Lawrence D. Brooks, Student
Janet S. Fender, Student
Su1ngmuk Lee , Student
Ti1lman Stuhiinger, Student
Yaujen Wang, Student

Degrees Awarded

Janet S. F~ender, PIM) (Op)tics), 1981
Dissertati on t itle : ''An Investi gati on of Computer-Ass isted Stirae i ia

ti on Analys is li'oroirms''

Lawrence D. Brooks, PhD (Opt ics) , expected 1981
ProJected d iSSCrtaltionl title: .MirpoesrBedMlti' ec

Scat te rome teir'

Till man St uh linger , ms (Opt ics), expectted 1981l

ConsiIt at iv yan.\d i sorv :inct ions

tfs Iinm the( tcehn iqlies aInd inst rim11emit S 111hat have- 1w-en ifmivdunder-

the pr-ogr-am, iwe have imade spec iti c meaC;sur'Leents and calcul Iat i on"~, tin1der

V "&NUN
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separate fUndi rig, to furthe r v arious mi 1 it ary a nd space I)rograw; hs

are described below.

Under a cont ract with the U.S. Army Materials and Miecian ii s Re-

search Command at Watertown, Mass. , under the mon itorsh i of Dr. Ant on

Hofmann , we have made a deteri mat ioni of* the so rface an.! bull, scaitter-

i mg of 7ZnSe wi ndoi's i n t hc v isib le and the infrnred. We hiave prm i dud

BRDF data in t:,tc i nfrared on ser ies of sp)c i al 11)1 Ck S he wa I Of' aN -Lh

contract withI the Breaul t Research Ori1an I :at ion anld (lI UMan1 .. iV reraft t a

am undisclosed military sponsor.

We have consulted with Fucoene Church at I RADCOM at Pi cat tine, Ncw

Jersey, on the comparison of scatterino theory' and BRDF measurements.

Under separate contract we have providedJ i nfrared sc; ittci ng, aini

baffling design data to the Annv BMDATC for- its Forward A\cqu is ition s-

tern (FAS).

Under a recenit]%- comp let ed subcont ract . it h Sc it.en -cc, *;)pIi cat i ens~

Inc. , we have provided MaJor Seid at ISPSAIMSC) withI in frarc'd PRD[)I

dat a and scat tenrigz( and off- axi s rejIect ion1 deig;n data f'or the ee

Space surveCillalnce Systen (P)S3) We have recent lv conipi ec a cot ract

wiLh the Nave,'s hia\id The Ior Resea, rch Center tWce nS prox ide. Lhtlicl:

With th ieVisible andI infrare'd sctei caatc1sisOf van ou~s

types oif Navey Pa iii s..

Weare plese-nlI work ii n 0anOr second cantVZrat %ithI \Miih t Car-

1 i0'.t l .d ac etiol llci i *iic ii~ 1W M'( iI \lv t c Ait a tilit

ii n l'l red <SCa t t ci pr e ir i 11 J)'jC- Ls Of'p~is clia IIje e f lie;

We have weOikelC 01n a1 sthjtrtfrom \eeo jet where iii me le"t clii (i e

thlt' CCIlCt Of J 111iiiw I 'a i la ati oil ~N .i c oil tI lie 1i't i 0~ CA I L



Tf1"< 1c i dC winId ows. We haIve aIS I so proidedl BNlI) at, des i

changes, and APART scattering calcul at ions to Dr. H~arold Rennett tundcr

a small Naval Weapons Center contract, which may ,reatly increase the

acquisition range of one of that center's missiles.



LIG'lIVY SCAlTFt IN FRI:[OM RHEEl TI VE OPT ICALI SURFACESp

(R. V. Shack, Di. Thomas)

Object i ve

The primary goal of this study was to examineC expeCrimental l the

part icle conitaminanit contribution '-0 theL scattering Of visible lighlt

f rom ront -surt ace mi rrors.

Progress

The objective was achieved through the dissertation rcsearch work

of Dr. Thoimas (see Degrees Awarded, below). Excepts from his disserta-

tion abstract are as follows:

[The cont ribu~t io OOf par11t i dC 0COilta-iinant S to sc: itt Cr i I I of, lt

can be sion ificant even for care fully pr pa red and band le'! m i rer ad

. . . surface part i culate scattecr can~ qua~i lit at iVOcIN' exp lain di setepan-

Cci S that haebeen1 Obs e rVed by otherI an1t)hOrS betIVween theL -b a L)

measured scatt enrig prof i I es and those of prof i I Cs pred j eted for s;cat -

t er i n from smoothI surface nicro roughneluss . Scat te red I iiili t d is t r ibn-

til; ons re a1S isO recod an1d diSIIscssedI for- s vCr i ffIC s e rflect Ors

A Ca3refu'l des C -i1il lV io is 10 t Ie op01)UraIt Ii andII Illa it :ItI i o 1is

a dcev i Cc u.tseCd t mealC ISure, th angular 11 11 d i St I-i ) It in 011 0 i f it s,,;!t t e.,r ed

fromt ilolmi I 1Y I iv I at , r C f I eC in oj I I a I stir fac; I be C' 11 iin:1p Ic I Ii I tia 1-

t jon i I .i polIi : t i on of1 the1 incident kI 1 I'(J1; C;111 hIA 1i in ;1i k11i I

tI iS I I t 1i111 CeIiIt , ;nid ottltn itI pol atI i :-a;t ;oil Cutiponlit -1of th >na"Cl I I C 'k

lig ht cani be indi(ependent iv measured.
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The scattering levels of most of the studied mirrors are shown to

be in good agreement with their photographically recorded degree of

particulate contamination. The shapes of the scattering profiles mea-

sured for a few of the samples are also in general agreement with the

overall sizes of their particulate contaminants. Further insight into

the nature of surface particulate scattering is derived from tetveral

experiments involving deliberately altered or contaminated sampIcs.

The polarization state of light scattered from both smooth and

rough reflecting surfaces is experimentally determined and discussed.

Results obtained for the smooth samples are shown to be qualitatilclv

explained by a simple model for scattering from surface particulates.

Invariance properties are also empirically determincd for the scattered

light profiles of several samples.

Professional Personnel Associated with This Effort

Roland V. Shack, Professor
t illiam I.. Iolfe, Professor
David A. Thomas, Graduate Student

• i



NEW1 APPROACH TO OPT ICALI PROCESS INi;

(11. iI. Barrett, A. F. Gmitro)

Objectives

1. To operate anl image orthi con TV camera inl an Lnnn1siia I hi po Ial

mode, in which ei ther a posit ive Of- neg'-at iV C)0e L chreCanl aCcUTmat eOil

the t ariet .

2. To use this bipolar nmde as the bas is for synchronous demuodj-

lintion Of aI Modulated light beam.

3. To use the orth icon in con junct ion with a phot oclast ic modnl-

lator in the pupil plane of a 1lens as a general -purpose non cohicrent

optical processing systeml.

Progress

We have achiieved the first two ohjectives st at ed above. h:e haNve

showni that thle Camneria canl be op e rat ed in an abn o m11a I reZ i Onib %IIeC e

ti ye charge rat her thanl posi t ive charge1, a cCUmu lat esOnl the t arc e't . W

have dem1OnSt1rate-d th is anld thle syi b onusdeOdu I ai' i on :ap~ib i 'It\v

a ffoidedl b> t Ii I phenlomenon by liwail.t of se-veralep.rmt

(1) Using an array of MINts, we imniI at ed seve ral iln the ariray ati

lceft the OtherlS riiiin 1in ! conjtii ous . We app 1i ed thle s v ihronoas ioli

tat ion inl to thli camleral, onl top ot, a v~ariable bias. 'Iiiis eolinejL.'

sigrnal wa>; tie lto, ctbd-I - rc eeIt~ti ot he oh-

ser-ved thait at hiili1 IsAll thek ITIts sei-e vijslej in th iliL mace

explect ed .\Asw%( lowCeed tihe hi as VO I t :1tCc t O'Wa I'd t' * I Cond it ioil
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(that is, volt age for which we got a Sintgle scond'ii'v CI eCt r'0n jIcLI III -

ci dent photo elect ron) , we observed that the CI t ire- image ' di mme1d ht

that the lights; operated strict IN, dc dimmcd faster unt ii I, at thcL

point, th-ov di sappeared altogether, leaving on]ly the modo liat('d J]

vi sibl1e . Tbhis experiment ver if~ies t hat we indeed hiave ;I ii,: itl I

charge cancel]lat ion of tfhe pos itivye charge, and t hat We C :11 H-(. tl '

faIct to synIchronos1 SV demTou'laZte a MOdu 1 at ed sin

(2) We have done siiilar experimecnts wi~th aspinni1 1'1Cesh ('11o:

where we derive a reference signal from. thL, chopper and use; thi. to

synchronously demodulate the chopper rot at ion.

(3) We have also demonst rated the mioulationi/demiioduilation)r proce S-

with the photoc last ic modu lator. We Used the phot oe ]ast i c noUI t or tO

modulate part of an inpu)Lt scene aad hy m'.eans of the. Camera , dr iia

the scene so that on ly the modulated port ion rerai ned i £

We are curr-ent] v trying to quant ify the ])erform~tnce- o1' thW* to*AIi

system as it app]ies to ohi ectiye .3. Import ant conls id"I 'aIt Iut al Ut!

dynamic range and reso lut ion.

Another area of aipp] ication for this orth icon ilvie s inho -

dyne i nt eric roiet re. We haiv ed demoLT11t1%''a i'd i'''er il Ot'a k

camlera at about 100 klI I with IC he.)s and t berCt' fort' eXoec~t thL t* ite

dy ne experimnt s to be st ra ight forwarid.

I'lb iicat i011', .111,d it L' I'at on1',

as ain arrie ot I ok - in ;mimj i ' rs ," Opt. lcit t.No\ . I O

Prest.-O d t ionl ot' tie i ' and 1cm tt ;it Opt ical olut, li t AvI'' i t

A [91.1 l ' 't 1 1 '

Ck



Irt S 10!I i I PC litifliR I \-<i [AtCd 6 i lbi I tn

11 I. Barrett. Protcs;sor
A. F . Gmi t ro
MI. Y . (Al I

il ll olt !.I., 'I .I1 L; r

A g I-C Zt CL A 'f LffC it h. bt, I I ~ 'iJ C llj T

in OtIL 3arta Of :0hl'kllit 0'; 1 i P, t~ t. ' .J

t a l formtt 1' itj't i, I t I L Of:. t VL-t

a i t i :C Il 11. : i t J, J; w T I

Ntatl~ hvk OWntTI.

Cat 'h s i t oll Ill!s . I dc l I T. %,, I

tIill Ii ill i t k 'I i t It t .1 L Ilk~ i I II i
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they tenid to be s low and~ havc I I HI tCd SIJ;lt I I I rcV',OIut 11 kilThe StYCOIliI

imipedimniut I no Il)Ise. C:oic ut OI)t I C~II SIN' t urns- ure not ori ows Ilv -stS Cu-

t ic t o spck I c *tld (it hur for1n1v1 of lo i -.uc

Bot hi of It heuSe di tI f culIt i L- can he t.cI rcuiuIVCunt d t Ii rouli.h thuI Ltl- id'

non-cohic -ii t opt Ic i I r In iiio I "uu01O 4.IL;t I I 'It <11CI suc '

coli, ru t tc 12iii t !'i. Al t id JiClt J l it 11 ",1,1 t- T' lo Ii t t

d raiibh ck I k, iolc dwtr~ll t l ! a'- ICC thou li1t to ht i 111- 1. c I hi l it

ht ha I I t hi I '- f I' It twc nlil , 01 t c~.,k be hu C,; It ii t tI
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tITon ' t, I I l I 'll . I, *' 11 l Ii c I . Ik
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The basic idea is to exploit a widely know n but little used prop-

erty of image orthicon television cameras. By varying the target

voltage in these cameras, wc canl alter the amiount of charge deposited

on the target for- a given light intensity. For large accelerating

Vo)l are (tilt, uISnaI 1)peratini Condi tion) , tilt neot charge depos i ted i

large and po, it i x (secooidaire emission rat io 1). As the accele rat -

mul~ voltarle is reodujced, thicre deposited is i-educed unltil it fil):i111;

goes t hroughl~l Zero anld hecoic- neia ie 1I Thus thle orth iconl Can he

a bipolar image det ect or. lIo mak e use of tis p roport v inl a noiicolie rent.

optical processor, we proposed to temporal ly modulate thle pupil1 funic-

tion of the systemu with anr elect ro-optic or acousto-opti c modulator inl

suIch a t,,1% that the( sst( ~I'l 1), 1n1t sprcaid tiiict ionl is the pos it i\C n) Irt

of the les ired b ipolar fi It r funTct i on duin g one half- ec1 e of the

nodtil at ion, anld the c(itic pairt dur i n ,he other hal f-cvc'e. 1 he

inpu)Lt dat ;i (to r e xamplIe, tri)m a CRT o1- phot ooraph ic t ran spa renex ) arc.

inl thle obiec t p1 iLIiek of t Ii i opt i cal sy'stemi, and the filtered daita iy

inl thle na~c p I ani wher the( a't licon is located. The accerj ilrat

volta"O otf the ort hi con i.s ,;%%:t dlied hetweenl the I and I Cchdi-

tions Inl snh o Ii lIi it hi t Iw pupIIi I mlodii lat ion. 'thuI s ea lch ele(,llIrI I tt

thle orth iconl t :ir* , t i -, ;ikcI uttiiI l:it inIl' riot at i vc %,li a vi It l t lie opt cI I

ss m i s ~jtd 1 t o t he iie-; it iv xe i '1 Of t 1w ti It~l c I" C tirit :1 , ;1,

i %L 1lisi il' Ill) it t~' ill( sl tIts' ls . III !'is, sI ll t l!

pe i stitt1 ,Li cus .111< ilTss I ''I (51)1 1-11 i'ssllkl shs 11C I ''i lk it .1 1

111II ii t -1. Csi l ijil A Isst l) .1 Ill i s i hisOisll k , 1 111 I Its
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QIJANIN OPTICS AND) IASIA PH YS1ICS

(M. 0. ScullyN, S. Zubairy, G. Moore)

Objectives

QuanltLIurn opti CS and laser physi cs res ca rch inl the aircas 5 f g'ene rl]

re lat ivi tyv, laser spect roscopy , quant um t hcorY of rad iat ion, het crod~ii

dlet ectio0n, photocn statistics , aind quanlt urn nondemoic it1on iaSrlctS

Progress

In the area of the theoret ical study of proposed tests of 'eunerail

relativity, we have proposed anl optical test emplovin, anl earthbound

ring, laser interferometry to test metric theories of vra i tat ion. TheI

prop~osed1 test WOUld be sensit ive to a preferred frame Inl the un ilIvers

to the geodetic preccession, and to the Lense-Thiririn- effect .

We have madec theoret ical st udi es on now t echni que< for ach i vi n '

reCSolu.t i( uii beyond thle natunral1 Ii nc.wi dth , 1imit d I'\ t hl. kdifflrcicu lie -

tween the dcCIca rates rather. thanI their- sHII. T11CSL teCd1i ijuI'.S p~

the possibi lity of ,n hainced spcct ra I rcs-ollnt ion, a)s we]] aI "I iv inc! a

diriect 1)1aiicti tOw difcric ~~~ t!1. A.!,'.I

We 1h.IVi St uud iCc! u111aiit iu beat ;)'lienoI1kAI; to ci nc dlil ( u t rot I

CO Is i St (Cl WV 0 ' L-111it: I I '~ I Ca I I'Ad I It i k 'II I I L" I k- .. AW. I \ 1i I

ca t il. ,l'of 1 1 C 11 1
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limit can be made if a light sour-ce whose photon distribution function

is narrower than Poissonian is employed as a local oscillator. We

studied the photon statistics in multiphoton absorption and emission

processes and obtained exact solutions for the reduced density matrix

of thle fielhi. We have shown that thle photon stati1st ics leads to thle

pos s i hI i t of obs erv inrg ant i bunlchlingi inl muIt i phton abs orpt ion

process.

Other groups working inl thle detection of g rav itat ional radiation

have rocent ly proposed new measuremlent techniques, and these te'chni ques

may have appl icat ions in quantum optics. We have invest igated thle ef-

fects of quantum noise inl measurements of this type.

Plublications, andL Interactions

NI. 0. ScllyI, 'S'Suggst i Ol and aba 'lys s for I new Optical tes--t of genvra 1
relat ivity",' inl If. Klithl- anid K. W. Rzoth (eds .),Laser Spcct mm:-
copy TV, Srine-rla,1979, p). 21.

M. 0). S i llv, ''Onl qllmamtitl hceat plnemnomenMIZ amhlJ thle i nt ernail cons si st envy-
Of Semli iv I aIss i cat 1 adL i alt i on theories,'' i A. 0. ltziriit hJ L. ), Vtln
ii;1t i~ 1 'i 0C !\:I,! ilt j 011 lhLar)1\ :1111 i [l i t 111 ledt rt ln:r'i CS , P1I em1.11

M. '. il0'ii,.C. Siili nd K. inst , ''A proptiseti op i cail test of

1'. Mvtesti , NI. 0. Skciti I y amd 11. taI e ''I ti;en linitnrtn

N- tc ,11]p clltCl h \ '1
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M. 0. Scully, NJ. S. Zubairv, and Ni. P. ilaugan , ''Cosmiologi cal ly pr'e-
ferred frame and Sagnac interferometry," presented at Eleventh
International Quan1tum Electronics Conference, Boston, Mass., Junie
23-26, 1980; abstract in .J . Opt. Soc. Am. 70(0): 618-019, June
1980.

Ni. P. Ilaugan, N!. 0. Scully, and NJ. S. 7ubairy-, "A proposed optical test
of metric gravi tat ion theories, ,' presented at 9th Int ernat ional1
Conference on Gencral RolaitivitY an1d 1011tt o, ea , Ea';st (her-
many, July' 14-19, 1980.

Ni. S. Zubairv , "HI ow to beat phot on nloise in het erodynie detect ion ,"'pe
sented at Workshop on Interface Between General Relat ivity aind
Quantum Optics,'' Garching , West Germany, -July 21-25, 1980.

NI. Hlilery , ''Quantum noise inl (quant1 1 nondeMo litil onlmeasurements , '' pee -
sernted at Workshop onl Interface Between General Relativity and
Quantum Optics," Garching, West Germany, July 21-25, 1980.

Professional Personnel Associated with This Effort

Ni. 0. Scully, Professor
Gerry Moore
S. Zubairy
NJ. [filler),
J. Small
P. Goode
1I.-W. Lee
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I N'i:R I:I:RONiIFFiZ IC LA \ I>sIR vI~v1is oi [ IS I I s 1 % orl 1(:;\. I I '1 1, th.\VI tJ I I.,,'

(J. J. Burke, W. 1). Boniherger)

Objective

Our oihiject i vc this t'' 'i !kTlI t r~ii i C, t hc' ,I I I'lt 1 a

idea ;1n fiherl !:tt-aSurerrnkt :that gui e-L hl- !c lv, mrd

canl be ineasured i i tho-t b)iadIri! ii r *, !kC i

I cn~t s at'eI Cs S tllhaii I ter

Progress

We are pleased to report that th is oh ect iv tilhas :,lkt.i i gii Se

hroaden ii, o f 77 p)i cosecorids per h i Iomete r 0f fiber I e eiar

of source bandwidth wais measuredl with a cw GaA1As; laser ii okk

o.87 lim) , coup 1 ed t o a s i no I c-mode horos i I i cait e f i he.- i ) c:'i I :

onipari Soil we noteC that the prior art requi red fiberl Iclj - "tP If kihr

11101- and~k elect ronI~C csithl Til ilahert bandwidth. Our] C I CCrIOT i n 1 had

oni Iy hi!:idw I d th

Dur ing tii l llI o C 1979 ite 0rdC leLi thle coIIMonents Of t lhe scni CJiiHi

i itL C t"L rolmet ke I- had des kt" i medlck anid t If si ;il) I t: t ;i1b L l le Ii to --

PcV Olar Iv Vpm o1 1'0f 1981), a)I 111 th M part Shad beenI reLce( i \ed :111( I-Ly :1iS (T)

)le d. Niiit i a itt cilipt s to demou0Ist 'ALt ehi pr'inc ipie %,it h t hi.' irec of aI

1 ck i it e red 1enon Aar i i ) i hi W; kuiC I 'Ilitt 11 s is te iiot11(1 d U ' 11 1i it I Ve k ' l

S iVII I c Ii i' i' I ', 11k r to 00 i1i1, 111, t Li' Jiki hi i fib;1)1 i (I' Ilipilt1 (d i 'i

11111[I OttO Iit', he I ii%'o'. 'sit ClIL' to a .1l ii didll Mlli-r I hl 1 -

i dt-d xip Ii I 1 i.i I At ion''I ir ait .i 1'ic lent ii where I lie- i hci' I", k i'VC

I I I, -fc ( \ , t k 1 L 1 \ - - '1 0 1 11 1 111 1 W l i



complicated power spectrumi of the laser source, operat ing close to

threshold, made detailed interpretation of the interfcrogranis difficult.

As indicated above, we have now completed thc initial phase of inter-

pretation, and are accordingly able to nmeasure the qIuatities that

govern pulse broadeni ng. The interferograms con ta in mu1Lch add it ionail

in format ion about the power spect rum~ Of the laser Source and the fre-

quency' response of the fiber. Not olYare pulses broadened, but their

shape can change drailat i ca li We are now exploring di ji l t echn iques

for acquiring and analvzing the interferograms. We anti ci pate thait tso

will ultimately be able to completely characterize the effective r-

fractive index of a single-node fiber at an%, frequency of interest,

even in the "zero dispers ion" region111 near 1 , .3 tim ,her.e ! Conven 01n:

measurements are extremely difficult.

PuLblicati-Ons and Interaict ions

We are preparing a formation publ i cation of this work, anlt icipait -

ingp suibmi ss ion to the journal of the Optical Society of America. I n

add it ion , this work was the 5ubst ancc of Dr . Bollbe ri! er' 5 rCCLIlvl CL)111-

Dr. Boniberger p~resented a Iape r Onl t hi swo~rk at the( \nn nal I Meet inc

of the Opt ical SOCiet V in Chi c;i,,1o Oil October 1 7). Ill,. Btirke ii a

Sil lii lar j)Jpe i at tilt' m osi i oil opi i ca I Ii he l~~irne ts nPr i

C~ioi'o j\DS) , onl tIct ohT, 29.

WCe an1t iCii)wi t t it Iii> W014, Wil II1IL1C thih' an('C v tln rc IIi i

fortS sOf Otht' r- in tc Fj d f Fihe C lk 01 itl Li ri ;Cti t i0on. Dr. Kene 1

H t C Ot' t e h i i t I t 1t ',1 iO , 01 I k ha 111. I C I ke Neil 11 1 e i, kl ii 1 0i 1 1 0 I
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laboratory,, and at the meet ing in BOUldei , muntioned .IhovC, lie discussed

the wor-k at length with Dr. Burke.

Profess ionalI Personnel socia dwith This Elffort

.J. J. Burke
W. 1). Bonhcr ,cr

William I1irr,1Phi) (Opt ics)

1)i sscrt:lt j la t it IL' mJJt CrfCromctr i NCZIesurCMenlt of Dispersionlil
Opt i cal Fi bers''
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UVAIPORATIL) T[ I IN [:I LI LENS SY'1 S1S [:OR I NI F(;RA'lll) OPT' I C:S

(0. N. Stavroudis , A\. F. Turner)

Object ives

This is the third in a series Of Ner-Ion tudies to :provide the,

background needed to des, ign and make tfl )- i in! eOMpoileIlt: f'1 int C-

grazted opticall 11W ci rcu t s. The emph;Is is has beenl on > i 1S. ii'

uides and on re tiact i a: c1c unt s to he used with t htn r il

on asphe ri c t hin fil, 1(: I nses %i<It h e I i pt ical cn '1i1 h ~

understand the behavior of riult ilaver thin film wa gldsand t- tAe

advant aoe of the ir special character i sties to sole:eot clen a

problems of 10 circuit r.e. Th is Nearl our oh i ect i%-, Yefwr 55teows;:

1. TO demostrate the advant aces in inte,_,rate d ,,f c t 5 !-Iti -

laver ('uiIeS with si Leer claddinm'

2. TO IalO iS se rTth(odS Of mIngI,' Imasks (.I- Stlone i I arbleo

produe ing lense.<s coiis ti ng of deposits with e 1 1 4 i cal coalt ours as

requL re-d he tIIeOre(t iC cal dsignIs, anti Of-s id the ICT-C <10ss i iie

3.lO Construct anld inist aT I elli i vent in one, of t 1 cl i 0i'

heik puripos;( e )! o ocb Q ith e 1 ctrins tl( he",;I:,115' 05

deposit ion, inl :in ettfort to protduce anl essent i aII \ si11oln10IiiS 1ii!

r. o I eo I'i i t .1 dc t' Ot, cI '~i I I I *tS~ 11i .11 1 %i F I

I. roo iriits 1"si~ie ltgi S 1i 1*. ,'\ Ii jt Ii

a \p l -' ii 1 CO I I ii M iti t li

MM
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6.To des ign l:our LI t ransfori th in fil i C',S to ho LIS ed in

con.;unct ion w ith the above co imators.

Frog ress

TheC f i 1-t phases of CObi oCCt I VC I WCr r' IL I)or'ted inl iyv I reaCl -C'd b.%

G . AlI -.JIu!:1i i Iv at ',he Of)t i Cal SO C jet: of A-iv r i caI mcoot i 1ng'l .n tm c S

I9O; d panL I' i <sOjJ( being peI); Irud for- I 1 I!Cat i On. Ih the 1' it 11i>t,~ Of

objiect iv e has b een fabni cotd m scod to make so~vcrl bai- xnn

colil nmtur thin film lenlses, on which rayi path stiidi es hv onbv

The equipmlent described under oh i oct ive 3 is ope rat i onal , ready for

sample preparat ion Mnd study. Gbicct iyes-, and 5 have hcerCn :mIO~

The lenses of object;v ir 0 are inl the ds nsae

1. Si lyon-Cl ald iaVegni dPS WeC have Shown, both t heartv-i call;. and

experinenlta liv, that thelosse i nc:urodJ b". cladding ' N ~i~g i itP

si ive r can be reduced subst anit i1Ii I Y hy in s1o rt i nig I;11% ers I ta ioc

the re flectance ofC t he S i I vcr.

The range of modle inmdi ces of a wavegu ido can be eXt endeddenw i

by decposit ing the gui do onl an Opaque met al f i in. Such an1 ext ens ioni1-

dCsi ruble inl thle designl Of 10 lessAnd pi sll.hu cill ii i 0

is usedI for the ci addingo, the gi ide becoe e SCx ces ;s i v Ir I os, a:!r t i on1-

I arl v t ow;i rd thle I oiwei valuew-s of modeLI illd ices; LOW i no ices a -icF 0111

for the i titecolicct I i' l ivei i O l on winch tilt: opt i CAiI C011I)IL-Ile t ; of

ant 10 cil reit s, i It bI diC J it ii li loose .o beC C;11t 1 e iCb

iltl-ndtlk-ii r I l c U t i oii -Cnilliiiciii p add it i ii a I IY v i S ill tilt.en i

this, mi1 (01 (id ill 1 six. 1'i 1111 s;t Sd (ire It d i)spe ; In M ee Lois'V' )

eeoc, lii .) 1 IC' I OI 1: 01 t 1 ILTIC kI i t 0n It i Onl .. A- M! at I ciiij 't cd I \I I I aIi
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this behavior i t became more and mo re appa rent t hat thle el ect rice f ielid

distribution within the structure must bc given major cons iderat ion.

Some progress has been made toward qualitative explanations along these

lines.

One of the s imp]lest des igns of a low-] ass sliver-clzad veoid

Was selectedl fol' eXtePSiV leStUdy With 1)0th nrical cal e:l CIC It ions aind

experimental v'er ificat ion (n many samples. AllI of the sa~lswere

made with standard vacuum evkaporat ion methods. 'lhe dcsi :n is:

Ag 2l,(l .51i)2L hK B'A

where Ag, = opaque silveor film

1, quarterwave, film of chiol ito, n1 = 1.35

ii = qimarterwave film of SbO- n - 2. 1

IV = Wave ig~ ide 13 aol 0 e r Vapora;t Coi I .ASS , nl W

aprxmat ely -, qua1rt rwa1ves thlic k

P = fi lmi of S, "t- o variabhle tlhi eI~nes s to corresoonl"
to a patc h opt ical component (for exaimp(lo, a l c us)
deposited on the -iidinol ztruLCtl ore

A =ai r.

I n a 11I ca ses , the reference wave 1 enz-,1th i s 0 . 0.3S 1m ( lie-Ne laser

1aid i at ion1).

The 121(l1. 511) 21.1 on1 i t enhanjlcs thle reCf loot anTce Of thle S i Ieer over

a very %i mdc :imillim a (modle index rmoo thereby\ Ire11ll" tiil e losses

otherwise i himrdb tilie presenice of, the siler xpe'r mon-1t a I I onec

mealsures losses redu~lced to 10 dl)/i'em for mode i od ices ;as low as 1 .3.

2. Production of As;phcr ic Thiin F ilmi Lenses by Vazcuum Fva porat ion1

Thi roi)l I a M~'k.Severl ma I beam-e xpa1nd i tnit/co I I Il: Iat or I en '.s havek becen

de'posite-d on1 Coa1 ioMa;t(d c W>.; IVi'mite.S . 'it'e iCHmmCs eon>. : o ti 1111



films of Sb 2 O03 eVapora-,ted- thr-ough,1 the mechanical mas k, Whi Ch prIoduIcd

elliptical contoured ",surfaces." Thc performance of these lenses has

been examined, and thbus far the ray paths through t hem appear t o agice

with those calculated. It is now clear that an in-depth experiment a]

ray trace study will require betteor masks; these are now inl the desi nl

stages and will involve a maj or c ffort.

3. Electron Bombardment. Bombar-dMOnt Of the subhstra te with cclc-

trons during film deposition shiows promhise of produe in , a finer g1-in nod,

or even amorphous, film. This inl turn should reduce thle light scatter-

ing losses in a film--an important factor in wav-eguide technology t.here

there is now a paucity of evaporable film materials that vie id low-

scatter, low- loss filmns. Khereas thle a-ilorphouls evaporate'! -,lass fi lm-'

that we are using have acceptably low losses of I dB/cin or less, the

other tw..o materials, SbO 3 ac chio itieol agnlI s l.

cause of scattering. The electronl boiiba rdmont met hod S1otiIi h 1I p c Cor-

rect this sit uat ion and increase thle choice of evaporabl ]c materia] s

suitable for thin-film wavegul de appl1i catitons. Althbough the tecchn ique

was invented 33 years ago and has been inl lim ited conlmtoc ia use, nio

S)vStemlat i cstud iV sOnl it haZVe been1 repor0ted :111 thle 1 i t(erat ne.

To0 ca rry out the t ochn iquo , we have inst alled llmx iil-% are equi pi!llen

inT tile I1- inlch coat Ic 1.A it0- inich-dliamtercl loop Of tuns enI %,I ire- load

iidwaY bet wcil tile recsist;InIcC-ileaIt~ X01d 1 SOaII'Cin sticsand tIL hesIIhs trajt

holder-s seve s the eieet roilemlit t Ci. It is heat1(- hi % 12-k' aC

WellI ih'isn IatCLd t raw;S Foinmers I".d heIL IICI aIL SCve ra KV iiC.Patl iV yeWithrepc

tO o 1hr I'll~ ;isIrtv h ld n
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Preliminarv observations indicate that chiolote f'i lm~show less

scattering when the bombardment is employed. In the future, special

attention will also be given to films of zinc sulfide and mixfed fluo-

rides such as potassium hexafluorozirconate.

4-5. Generalized Waveguide Analys is. Oh Jkct ics 4 and S have been

completed. InI pa;rti cu I ar' , borrowing f rom cerit ain rot heinatica I con cvj tz

familiar in quantl-urn optics , we have develoaped it novel method of awr I\z -

ing a generalized multi layer wave guide structure for- its alloed m,,odes .

The method is expeciall1) well adapted to numerical computer c lcul at ions~

A manuscript describing the method (S. A. Shakir and A. F'. Turner) has

been submitted to Applied Optics for publication.

6. Fourier Transform Lens Design. Thebe-eadir/clImtr

lenses of objective 2 are intended to be used in conJunction with a

thin-film Fourier transform Ilcns, in conit iraitions sui:1n as are-( 1bcillc

stUdied cs hefor inltegrated optical Pj: Spect rum FnrIv~r ourier

lens desi~ons for presenrt pl pOscs have hcen begunl.

JSOP suppor01t f0'1r the above-des-cri bed stuidies wats t er'min.Ited On

September 50.

Publi icat ions and 1 riteract ions

A. F. ltin zi. ndl 1; 1). I; r'wn mrl ,' 'I_ 'a ~ budpic illI thiii f ik
lI i - luides" ,' N1F, Vie.. 27-28, 1979, , an Oi eo , L':'li'.; P'roe.
SPIF 2041: 19-9."'

A.*\ ShIrk ;inkd \. V. lrh ,i'r , 'N'ethl I i of l es forC' airl I111t Ii o til

fi 1111 Wax e1't ides- " ,~trimit ted to Applied ()Ill ics

A. F.~ Tuirner and (;. AI-Jumiri Iv, ''low- loss Al-c ziad thiin 'i rim w~ivc.ridk s
f'or int&'gr;rt ed opt ics;' :ier I',r.\.\lti , p ()) itl I u I it\ 01 \IM-, CA
19)81 5 1'r'iln CoilllI'(ro'rrr' on, App] i '(1 Op;t i c" , li ( OI lk, ,c (' OIlk Il '
.IlifI. , \h . .rr ,, I'~( ~ :j~ r ii x i1 1ll I mli p Ib it I 'l.
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PH AS I. CONJUGiMA ION

(M. Sairgent I II , R,. Shoemnaker)

Ou r resca rch objct i yes ill the pa-st NeaIl r have beenl to) study spct

Of paMs Conling1"it ion11. SpeLcific Wor-k has beenI ill the aes0:' phase

con .1Ugt ion with ai det nned- si gna 1 Jind t'o -phot on phase coiugIt ion.

Pr og r-e s

1 Phase COn~j ugaZt ion With a Detuned Signll Under' JSO 501' s uport

in Janua 1W t hrouoh ..\OU' 1980, we have used the narrow-band reficet ionl

spectrum to predict pu Isod-s ign al operat ion. The techni~ilio is related

to the Y3 phase-conjuit ion discuss'-ions.- Of YiV et al . Iand Fi sher et

al1 The pu I So is 1our i er anl d Mil t i p) Ii CI h% t 11C a1';,:) 1 it ud I spe'C -

t ra t ran sm iss ion funct ion , and re - su1Med , yiel1ding the. transni tto-d

pulse. The spectrial transmission function is determined from the si,.

na I absor-pt ion coefficients. At first , thiis appears to be fraught w t h

di ffi cultN, for we are usingz Fouri er analysis inl a no0111mal- probleml.

Hlowever-, %%e alre coilis mder i ng i in eal dev iat ions, about a stealdv st ate thai.

is not inl thermal1 cpu 1ibri tui. Fourieri analys is applies, and we is

COVe r int"lormit i on albout hlow the 11ied il11 urn t t eipt s to I'01.11--n to t lierila 1

equi Iibriini, 11mi1lY rvuelaxaution timeis, Ii Ke T, anld IT.- [le 1 rusik,

1. A. Yariv, 1). I1eketc, and 1). IM. Pepper, Opt. Lett . 4: S2, 1979.

2. R~. A. [ishuer, It. R. Sit "vdamii, IV. lIV. ItilrodI, -alnI I. .1. It'Ilmanl, X1111
I1utcriuIt . 011a1it1. I I-etro iL C'o Xui. , l~oetoi * .I1t1ic 11),1.
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functions look simple enough that we may be able to derive analytic

formulas for simple pulse shape,,, like delta and step functions.

Qualitatively, we can predict the effect of the medium on the

transmitted pulse. A delta function signal induces a grating with the

hel1lp of the prnp wave. Tile ew pumip wave then continues to read out

this grating for as long as it lasts. The effect is much like a bell:

The sound lasts much longer than thle blow that created it. Hence the

conjugate pulse consists of something looking like the inci dent signal

plus a long pulse with length about equal t,- T,. Understanding the

response of a medium to a piuse is very important in a numiber of appli -

cations for phase conjugation and specifically with regard to laser-

induced fusion. It also provi des a new and potentiallyv very important

spectroscopic technique.

2. Two-Photon Phase Con iugat ion . Al so under JSOIP support,

1'ao-Yi Fu and Murray Sargent have develIoped thle theory of two-phot on

phase con-jugation. This combines the Abrams -Li od phase conjugat ion

theory 3 with the two-photon theory of Narduec i et al 1 . 'llh s ignaI

pumps , and hence the conjugate are a 11 chosenl to have thle samle frequcmicv\

and thle med ium is as sumed t o be homogeneous ly b romdcn ed . The t heo m'

predicts th ree smirlfmcant effects that are absent inl thle tw.o- level

meditim case: (1) a double-peaked reflect ion setu,(2) a Yari v-

Pepper osc ill at ion (infinlite ref Iect iv it v condkitionl inl anl absorber,

3. R. L. Abrams and R. C. Lind, Opt . Lett . 2 , 94 ( 1978) ; ,205 ( 197 8) .
41. L,. M . Nairthcc i , WV. WV. 1:i &mon , 1P. [mart i nm i t t i ,and P. C. Ft ,'sonl

Ph 'vs. Rtev. A10 , P('05 ( 1977).

S. A a i amid 1). MI. I'cpe r, OIptL v l t I. I I 19,7



32

and (3) ail unbicachab Ic mediurn. Effects (1) and (2) result from the

presence of a pure-index contribution to thle phase- corn iat ing )0 oa riz -

ation in addition to a mixed index-absorpt !on contribution. The pure

index term results from off-resonant singic-photon transitions from

levels that are saturated bY t wo-pliot on t rarisit ions. The corr2, poildli,

phase- conj ugat ion cont ri but ion i nv olves an inducedI gratilL 0 o o a

as does that in the two- level at on case. The mixed index- absorpt ioil

cant r ibut ion domiiin ates at 1O ow pump i nt ens ities , and re sults from thc

conj ugated signal interact ing with a two-photon coic rence term whose

pump wave-vector dependence cancels out. Unlike the usual two-level

phase conjugation, no piopulatian grating is involved in this process.

The daub] c-peaked spect rum results from the interfercnoce of these, two

terms: below the effect ive resonance frequency, they add; above thiat

frequency they, Subtract, and two peaiks occur. Second , theC pure-i ode\.

corniugat ion term increases the si gna 1- conjii at e coop] op enioluph t o

domiinate thec abso rpt ion andIL pr]odIucU coup~led -mode as ci I]I t i~ on even inl an1

absorbing mied iurn. Th ird , wh ereas the two -level reflect ion coc ffici ent

bleachecs to zero at large intensities, tile Stark-shifted line ceniter of

tile two-phot kinl case prevents bleaching and le;1d,; to an1 i Otels- Oi\-

in~dependenlt reflect ivi t at I arge intensities.

The reutsOf thi swor'k have beenl pub Ii she(d inl aI p)aperl by\ FI and

Sargen t, anld thle re; tsand hie i r re Iat i (01 ;; ills to (I arli er work ili

satuarat iotil spec(_tl''C j roUsco( hav Lben S!111nm;lia ii d hv ;: l' IIt anl iti 1,11;

t ionna IConlfe renlce. I1t orts are under way aIt tilet Opt i e-i Sc i elSc-

('en]~ I .nd CI nt'h'iC I0 ',CC t ie tWO-j)h1(t0 (il we ic(ti~lS pei mnI

ITo ret ical work i:. tont i filli no', 1iiiidti 1)th1i Ii -Jlcit al
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emphasis ol spectroscopic applications. The pul;cd-si.gnal Work is

being pursued in collaboration with Bob Fisher and Barry Feldman at

Los Alamos.

Publications and Interactions

Tao-Yi Fu and Mi. Sargent II, "Theory of" t-lot 0 hJtt cutmic,.a ioat ,"
Opt. Lett. S(10): 433-433, Oct. 19S().

MI. Sargent III, "'Phase conju ation in th-ce, four, arid il:1 i! t e di ::-e:-
Siolls," presented at IC Collf'Q IC en 011 OpticS il Ilou oar lii inc Osi '-,
Hnsenada , Mcxi co , .Ati.u st 1980 ; to be pub I i shed i t t p j ,:tcd, i ..
of that conference.

Professional Personnel Associated with This Effort

N. Sargent III
R. Shoemaker
T'. -Y. FIl

I/
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NIAGNETOSTR ICT ION

(S. F. Jacobs)

Objective

The magnetostrict ion studies consist of two parts:

1. A search for anv manetostrict ive effect in low expansivi tv

MtalS (suIch as ULE , Cer-k"it , Zerodur , and fused sil1ica).

2. A measurencM01t of magnet ost ri ct ion in Superi nva r and I uva r

The former has never been measured; the latter has been meaisured

only at large field strengths.

Progress

The effort during this period has beun devoted to the huil d im 111

of a Slave- las-er/stable- laser sy-stem. In addition, With supIpTort from

NASA, we have completed construction of a ervostat /sample holder, which

W il 1Make p)ossible mea0surement at temperatures approach i a t hat of

liquid heliurn. The slave laser that i s mearngni comp let ion i s ba sed on

a mod if icat ion of an inexpensive commnerc ialI laser, wh ich was reported

hv 1. BZILer Lt a 1. 1 We ha~ve. improv-ed sli iht I onl their t r:1iu h~ee r -

furITMance, by us ing t ubuil ar PZT-511 , and we expect now to he ah1I e t o

fabri cate our1 own1 freq(uenc\--stab i Ii zd lasers, as we]l I u I he sklivec

laser, t1liioii,- l, use of tlli s newdveo en

.\iu' 1 er a rca of p ''.tI, t he ut -A ill1 101 ()1 Inof h l 1e

l'aekard ti Model S51 euupi urntt e thAt Will ali t llt' e 'lit' 11WJeX 11Cii! I i

I . I. kart, I. W Kou;i 1:,ki *;iin .1 . L.. Mi IIl \pp1 01. 11): t .* l



procedure. Thiis work was. made poss ibleI by stipport from the It ek

Corporation.

Professional Personnel Associated with This Effort

S. F:. Jacobs, Prof essor

l:urthL- 1Ir fa lI;t i o (ac nI~

Fi jgure 1 shows the nliagmletas t r i 'lo IIIon ina sirevicl t s t Iiat h ad h Cen

made prev'iouslyc: No SuIch cfctsh ave, hlx !a easu ieJ ill1o x ai

nonmetal s, and inagnet ostri ct ion effectS, inl Superi avar and Invar livxc

been measured onl1> at large field strengths.

237

L~ ...



Figure 2 shows the arrangement wec are construct ing. Its sensit iv-

ity (for objective 1) should be bcttcr than 10-12 cm, or tAL/I. < 10-13,

which is the expected scismic background vibration level.

It is planned first to perform thc low-sensitivity (-11/L 10-9)

finva r measuremenits bv iut rOdUC i ig dC cMaC.neti c fields . Lat er w(2 wi 11I

use an a It erat ing ma-net ic f ielId a rid na rrowhand phs -snsi y t CC-

t joT to look for magnet ost ri ction in nonmectaIs.

rA

I_

Fi.2 . MoIgn etost ri et in Mea surement Setuip.



UJ> I M I A; P) I >(Ii . I~o lTUB I '1 S'lItjIDY (: AIN;L-TI\NS I:lI:I I NI I RAP I 10.,,

(F:. [lytf)

Ob j ect i v e

Our oi j ct 11has heel1 t o (lete rm ;Ie iwthler ;I hio I how-ioi , ho 1 ol,-

catholde (I IA(t d i k-11Are'' tub1e ICould he use-,d as- ai lui ck and easy way o

st tie in cha~e-trausicr u ract ions-

Progrc s s

The I[[AC is a miod if icat io oilO th h WI lx-calthIdU(Ic d i scharce', (hI IC)

An lCD has the p roperIt%, that t~l hvlt esaJtlllratU Lit about I 0C) to

3)00 %' So) it is limi toed b)oth inl el1ct"On1 aI inenr e. Th lCi

a hybrid I)Ct%%Cel anl lCD and an elect ron-beam a!nd al loucs fo~r voltages-

that , in pract ice, have excecied 2000 .Tbhis ti es hiohe r electron

anld ion encrg es wcith improved spaItter in:z yi eld for nt vor:

and hli chuer cxc it ationl Cler"V 1'r iFmj'FLoVe1 la'serI a]Ct i() It shor1'1 cANVC

lenothis .In idd it i onl, thle di schargec volIume of the IIAC is, phvsz i Cal Ilv

separate trorm the hli zh-vo itaue volumeli and is Ilrgely free of st raI

Li ci I.lkrnck. tl hc St II a I l ft a eIr c !,Izat i eel j m I

Wec t riedi thbree I.\ dA chr t uhis, that spannied the s;t itkid a ai

t er ranoles of* tilie dev ce ', 1)it ik C t cie ho ll I e t o aIci i v t rue H.lV' e

CTormauCe. OurT results kNetililt eMie t itce ~ 1), ;1a ll

10t0te atiitt Ilk 1-( ti k% ol rt I Ilk,:h ;

1K.Rosa NI.at';\,j C s i I I Igal. ti'iIe e ~

K . hti ;,I LI K I 1 1) (6 p , .n I K I I )I) p.
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regardless of the tube used. Clearly, there is someC element of opera-

tion that we have riot bcen ablc to identi fy, but we can conclude that

IIAC is riot as straighltforwar-d a device as the lit eratui-c would suggeOCst,

Professiounal Per-sonnel Ass-ociated twith lb is Fffor-t

F.A. Hopf , Professor-

41 --A



MIJLT I i'i IwN .]xSk I:X I' xt;1 ll IO OF INGL s x Hi i LTRt)N ATOMS

(W. E. Lamb, Jr.)

objective

[hec Objective of' th is St ndY i-s to dc%'( lop) a1 comrpter programl tc

integrate the cqua'n turn' IIchan Mi Cal time)-L dependenC~t orin'-ae

equiat ion f or a onec-elect roln at om inl the p ZilieoI ievStl r11f

field.

Progress

The work for the reporting period was dcvvtod to writijug prngr::u7

for uIse on the Data Genera]lt IJ TIPSE con pnute r Teepruri

Will cal cul atu the energy tran11sfer to thle at on and thle p rohab ilit iL-

of exci tation and mm n;t ion as aI fnnc tion of time-. The pararle ters

to he variedl wit I include lasecr f n t reqiicncv. type of pol ar-

izat ion, and dc ree of coilem.ornck- of, th IIii t io01 Al 50. il- niid

dip1)ole Moment Of thle atoml nld i t s Ion rCI i-0MjcomponentS TT;iIna, ifi

p)OSsih1e to S;tUnih the( condit ions fo r ie !I 0C eat Iei s f - V

h i ih1i hamoni rai ioa i on Lw a :;zi i--)f 1~p no i:ii1

resuilts of tile cal cuiiat ionls Will he dl i)J'k :pS avd s ti 1%C v-Tv55

EXpiA01rat ore- maIIins I have lti-tI)mde' ait!( are_( pl vol sill,.

P11)I it io011 :1and 111t C- TICt ion-1

All ;i coim t 0 f the( pro I'0JCLt CI % 0 iI-. ani St t uS I S I k' t~ 11 t id

Jo i ft Si rv i k,( v is it iu 11 OMM i I t ti ' in 11 oC -I-OLI 1980 .
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Will1i s E . Lamb , Jr. , Pr inc ipa I Inve st igato r
Nlilivoj Belic, Post-Doctoral Research Associate

Invention Disclosure

No invent ion or patent disclosureS have been made. The potential

application of the work is to the generation of very high laser

harmonics, but it is in too early a stage to judge the outcome. The

method does; nut seein to have been used by other workers in the field

of multiphoton ionization processes.
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